Estazolam generates 4-hydroxyestazolam, its main metabolite, which may retain some pharmacological activity, and 1-oxo-estazolam in humans. 3 However, these metabolites are unlikely to contribute significantly to the overall pharmacological activity because of their negligible concentration and rapid glucuronidation. 3 Estazolam is also quickly absorbed in humans when administered orally. The plasma half-life has been reported to be approximately 17 h, and does not appear to induce a drug metabolism enzyme. 4 However, the effects of cytochome P-450 isozyme (CYP) on estazolam metabolism have not yet been clarified. Although a potential drug interaction of estazolam with ritonavir has been a warning in the package insert of estazolam products, 5 there have been no clinical reports about drug interactions involving estazolam. Therefore, a study of drug interactions involving estazolam should be performed from the point of view of drug safety.
The measurement methods of estazolam by GC, 4, 6, 7 GC-MS 8 and HPLC 9,10 were described in previous papers. However, several extraction methods of estazolam with liquid-liquid extraction were used for plasma sample preparation. These methods were not satisfactory because they were too tedious and time consuming. We have reported a simple extraction method of several drugs by using a solid-phase extraction cartridge. [11] [12] [13] On the other hand, a C18 stationary phase was used for an analytical column in all previous HPLC analytical methods for estazolam. [8] [9] [10] However, we think that the C18 analytical column is not always suitable for the analysis of estazolam and several drugs because of the analytical time required and lack of separation efficiency. We recently reported on HPLC analytical methods for several drugs by using a C8 analytical column. [14] [15] [16] More efficient separation and a shorter analytical time were obtained in the C8 HPLC column than in the C18 column, depending on the properties of the analytical drugs. We have appreciated the benefit of the C8 column in drug analysis by HPLC. [14] [15] [16] In the present paper, we describe a rapid and simple solid-phase extraction method and selective HPLC method for the determination of estazolam levels in human plasma. The method was applied to studies of pharmacokinetics of estazolam in healthy volunteers.
A high-performance liquid chromatography (HPLC) assay was developed for the determination of estazolam in human plasma. Estazolam and alprazolam as an internal standard were detected by ultraviolet absorbance at 240 nm. Estazolam in plasma was extracted by a rapid and simple procedure based on cyanopropyl bonded-phase extraction. Chromatographic separation was achieved with a reversed-phase C8-5 column using a mobile phase of 0.5% potassium dihydrogenphosphate(pH 4. All solvents used were of HPLC grade (Wako Pure Chemical Industries, Osaka, Japan). All other reagents and chemicals were purchased from Wako Chemical Industries or Nacalai Tesque (Kyoto, Japan).
Apparatus
The apparatus used for HPLC was a Model PU-980 chromatography pump (JASCO, Tokyo, Japan) equipped with a JASCO UV-970 ultraviolet detector. The wavelength was set at 240 nm. Test samples were introduced using a JASCO AS-1555-10 interigent auto sampler with an effective volume of 100 µL. The HPLC column used was a Develosil C8-5 stationary phase (5 µm, Nomura Chemical, Aichi, Japan). A stainless-steel analytical column (150 × 4.6 mm i.d.) was packed in our laboratories by a conventional high-pressure slurry-packing procedure. The mobile phase consisted of 0.5% KH2PO4 (pH 4.5)-acetonitrile (70:30, v/v), which was degassed in an ultrasonic bath prior to use. A flow-rate of 1.0 mL/min was used at ambient temperature. Before mixing, the pH of the 0.5% KH2PO4 was adjusted with 50% phosphoric acid, and it was degassed ultrasonically.
Extraction method
After alprazolam (50 ng) in methanol (10 µL) was added to plasma samples (1 mL) as an internal standard, the plasma samples were diluted with 5 mL of 1 M sodium chloride, and the solution was briefly mixed. The mixture was applied to a Sep-Pak CN cartridge that had previously been activated with 5.0 mL acetonitrile and water. The cartridge was then washed with 10 mL of water. The desired fraction was eluted with 5 mL of 20% acetonitrile in water. The eluate was evaporated to dryness in a vacuum at 60˚C by a rotary evaporator (Iwaki, Tokyo, Japan). The residue was dissolved in 100 µL methanol. The samples were injected into the HPLC apparatus.
Calibration graphs
Known amounts of estazolam in the range of 1.0 -200 ng/mL were added to blank plasma samples. The plasma samples were treated according to the determination procedure described above. Graphs were constructed of the peak-height ratio of estazolam to alprazolam as an internal standard, and plotted against the concentration of estazolam.
Recovery and assay validation
The spiked samples were prepared by adding 1.0, 10.0, 25.0, 50.0, 100.0, and 200.0 ng/mL estazolam to blank plasma. Sample extraction and the subsequent HPLC technique were carried out as described above. The control samples were not extracted, but were directly evaporated and the residues were reconstituted in methanol. An external standard (instead of the internal one) was added before ample evaporation. The recoveries were determined by a comparison between the solidphase extraction and a non-extraction control. The validation method was determined by calibration and recovery experiments. The recovery was calculated as the percentage of the nominal concentration: recovery = [observed concentration/nominal concentration] × 100. The between-run coefficient of variation was calculated from measurements on six separate days. The within-run coefficient of the variation was derived from an analysis of six quality-control samples at each concentration on the same day. The calibration curves were required to have a correlation value of at least 0.9992. The detection limit was defined as the quantity of the sample after preparation and extraction which had a coefficient of variation of less than 20% (signal-to-noise ratio = 5.0).
Application to pharmacokinetics studies
The method was used to quantitate the estazolam plasma concentration in a single-dose pharmacokinetic study. The subjects were three healthy male volunteers. This study was approved by the Ethics Committee of Yamagata University Hospital, and all subjects gave written, informed consent. Three healthy male volunteers took 4 mg of the EURODIN brand of estazolam (Takeda) in a fasting state. Blood samples (10 mL) were collected by vein puncture at 0.5, 1, 2, 3, 4, 6, 8, 10, 12, 24, 36, 48, 60 and 72 h after oral administration. The plasma was separated by centrifugation at 1900g for 15 min and stored at -30˚C until an analysis. A pharmacokinetic analysis of estazolam was carried out by the following methods. The total area under the observed plasma concentration-time curve (AUC) was calculated by using the linear trapezoidal rule. The terminal elimination half-life was obtained directly from the two-compartment model. The peak plasma level (Cmax) and time to reach the peak (tmax) were obtained directly from the profile.
Results
Under the described chromatographic condition, estazolam and alprazolam as an internal standard were separated. analyzed peaks was then established by our extraction method and chromatographic system. The calibration curves for estazolam in plasma were linear in the concentration range of 1.0 -200 ng/mL. The limit of detection for estazolam was 0.5 ng/mL. The results of recovery studies are given in Table 2 . The recovery of estazolam was determined by adding six known concentrations (1.0, 10, 25, 50, 100 and 200 ng/mL) to drugfree plasma. The recovery values for estazolam were 93.4 -97.5% in plasma in the concentration range was 1.0 -200 ng/mL. The within-run and between-run assay variations for estazolam were less than 5.5% in plasma. The accuracy and precision of the proposed method were defined from these results.
The concentrations of estazolam in plasma samples from estazolam-treated volunteers were determined using our present method. The time course of the concentration of estazolam in plasma samples from three healthy volunteers receiving 4 mg estazolam orally was determined using the proposed method (Fig. 3) . The pharmacokinetic parameters of three healthy volunteers are given in Table 3 . The time required to reach the maximum concentration of estazolam was 2 -3 h, and the concentration was 104.4 -159.5 ng/mL. The half-life values of the β-phase were 26.0 -28.8 h. The AUC(0 -72) and AUC(0 -∞) values were 3439.6 -4902.3 ng h/mL and 4074.0 -5862.6 ng h/mL.
Discussion
The method presented here is rapid, specific and sensitive enough to allow the quantitation of estazolam in the plasma of volunteers being treated with estazolam. Initially, our efforts were directed towards developing an efficient chromatographic system for the mutual separation of benzodiazepine derivatives and a more efficient analytical time than the previous HPLC method of estazolam. In previous studies, an octadecyl column was used for estazolam HPLC analytical methods. [8] [9] [10] However, we have shown that the C8 analytical column, which provides a more efficient resolution and a shorter analytical time than the C18 phase, has a greater efficacy for the analysis of several drugs by the HPLC method. [14] [15] [16] Therefore, the C8 analytical column was used for our present HPLC analytical method in plasma estazolam. The retention times for estazolam and 527 ANALYTICAL SCIENCES MAY 2002, VOL. 18 Low interference from endogenous components of plasma was obtained by this method.
Although previous determination methods for estazolam in plasma by HPLC were essentially performed by quantitative liquid-liquid extraction, [8] [9] [10] such procedures are tedious and time-consuming. In previous papers, we have described a simple solid-phase extraction method for various drugs. [11] [12] [13] Therefore, we established a simple solid-phase extraction method for estazolam and alprazolam as an internal standard in plasma using a Sep-Pak CN cartridge. High ionic 1 M NaCl was used for the absorption of plasma estazolam and alprazolam as an internal standard on Sep-Pak CN stationary phases, which were achieved at low interference from endogenous components of plasma.
The sensitivity and the calibration range of the present method were appropriate for the therapeutic drug monitoring of estazolam in healthy volunteers. In previous papers, we described determinations of estazolam in plasma by the HPLC-UV detection method. 8, 9 However, the detection limit of estazolam was not satisfactory for monitoring of the late period after drug dosing in a volunteer study. We therefore established a highly sensitive (1 ng/mL) HPLC method using Sep-Pak CN solid-phase extraction. The precision of the data in the present study indicates that this assay has acceptable reproducibility. The correlation coefficients for standard calibration curves were consistently greater (r = 0.9992). Therefore, the present HPLC method could be applicable for monitoring of low concentrations of estazolam in plasma.
Pharmacokinetic parameters of estazolam have been reported in previous papers. 4, 7, 17 The times required to reach the maximum concentration, and the half-life values of estazolam in the present study were similar when compared with previous data. 4, 7, 17 The isozyme of cytochrome P-450 (CYP) metabolized estazolam has not been declared in any previous study, and the drug interactions of estazolam have not been shown in previous reports. Therefore, an in vitro metabolic study of estazolam should be conducted using several recombinant CYP isozymes, and the pharmacokinetic analysis of drug interaction with estazolam will require further study. The results of the present study indicate that this HPLC method is a sensitive and precise means for measuring low levels of estazolam in plasma. We are now planning to apply this sensitive method for further metabolic and pharmacokinetic studies.
